Distinct role of phosphatidylinositol 3-kinase and Rho family GTPases in Vav3-induced cell transformation, cell motility, and morphological changes.
Vav3 is a member of the Vav family of guanine nucleotide exchange factors (GEFs) for the Rho family GTPases. Deleting the N-terminal calponin homology (CH) domain to generate Vav3-(5-10) or deleting both the CH and the acidic domain to generate Vav3-(6-10) results in activating the transforming potential of Vav3. Expression of either the full-length Vav3 or its truncation mutants led to activation of phosphatidylinositol 3-kinase (PI3K), mitogen-activated protein kinase (MAPK), focal adhesion kinase (FAK), and Stat3. We investigated the requirement of these signaling molecules for Vav3-induced focus formation and found that PI3K and its downstream signaling molecules, Akt and p70 S6 kinase, are required, albeit to varying degrees. Inhibition of PI3K had a more dramatic effect than inhibition of MAPK on Vav3-(6-10)-induced focus formation. Activated PI3K enhanced the focus-forming activity of Vav3-(6-10). Wild type FAK but not Y397F mutant FAK enhanced Vav3-(6-10)-induced focus formation. Dominant negative (dn) mutant of Stat3 resulted in a 60% inhibition of the focus-forming activity of Vav3-(6-10). Moreover, Rac1, RhoA, and to a lesser extent, Cdc42, are important for Vav3-(6-10)-induced focus formation. Constitutively activated (ca) Rac synergizes with Vav3-(6-10) in focus formation. This synergy requires signaling via Rho-associated kinase (ROK) and p21-activated kinase (PAK), downstream effectors of Rac. Consistently, a ca PAK mutant enhanced, whereas a dn PAK mutant inhibited the focus-forming ability of Vav3-(6-10). Despite having potent focus-forming ability, Vav3-(6-10) has very weak colony-forming ability. This colony-forming ability of Vav3-(6-10) can be enhanced dramatically by co-expressing an activated PI3K and to some extent by co-expressing an activated PAK mutant or c-Myc. Interestingly, inhibition of PI3K and MAPK had no effect on the ability of either wild type or Vav3-(6-10) to induce cytoskeletal changes including formation of lamellipodia and filopodia in NIH 3T3 cells. Over expression of Vav3 or Vav3-(6-10) resulted in an enhancement of cell motility. This enhancement was dependent on PI3K, Rac1, and Cdc42 but not on Rho. Overall, our results show that signaling pathways of PI3K, MAPK, and Rho family GTPases are differentially required for Vav3-induced focus formation, colony formation, morphological changes, and cell motility.